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Electrophoresis may be defined as the migration of particles under 
the influence of an electric field. It is derived from the Greek word 
elektron, hence the word electric, and the Latin word phore, bearer. The 
speed and direction of the movement of the particles is dependent upon 
their nature, and more specifically upon the free charges on the surface 
of the particles. 
Apart from specific functions, the plasma has some general functions: 
(1) it maintains the volume and the viscosity of the blood, by exerting a 
colloidal osmotic pressure, tending to draw fluid back into the blood; (2) 
it contains among its components two of the body's great defense mechanisms, 
the antibodies and the blood clotting components; (3) it is now generally 
recognized that in starvation it has a nutritive function. Isotopic tracer 
studies have shown that the plasma proteins are involved in the body's 
general metabolic pool of amino acids. Their rapid syntheses in the liver 
and their utilization by the tissues as the source of amino acids, some of 
which are employed in the syntheses of tissue proteins, have been demon¬ 
strated. It may also be mentioned that plasma proteins are important in 
the transport of materials such as lipids, drugs and metals, many of which 
appear to travel in the blood associated with one or more individual pro¬ 
teins. Since the rate of movement in an electric field depends primarily 
on the charge of the protein molecules, it is apparent that under suitable 
conditions of pH it is possible to separate proteins with different charges. 
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Electrophoretic behavior at various pH values is one of the most useful 
methods of separating proteins in complex mixtures such as plasma. 
Information on the plasma proteins of htyocastor ccypus has not been 
reported, therefore, the data presented in this report should be important 
to the further study of the physiology of Nutria (^yocastor coypus). 
CHAPTER II 
REVIEW OF LITERATURE 
Soma important experiments which laid the foundation for the rapid 
development of electrophoresis in the twentieth century date back to the 
early eighteen hundreds, when the Russian physicist, Reuss (1807) observed 
the movement of clay through water due to an electric current. Porret 
(I8l6) made the first measurement of electroosmosis through animal mem¬ 
branes. He also observed the passage of water through the bladder under 
the influence of galvanic currents and extended the studies to filter 
paper impregnated with egg albumin. Quincke (1861) demonstrated that the 
speed of migration of charged particles in an electric field was related 
to the potential gradient. 
It wa3 not until 1899 that the investigations on egg albumin were 
extended hy Hardy, who found that negatively charged particles of de¬ 
natured egg albumin could be made positive by the addition of acid, and 
the change from alkaline to acid made the particles migrate in the elec¬ 
tric field in the opposite direction. The protein particles, therefore, 
have this very interesting property; their electrical characteristics 
were conferred upon them by the nature of the composite free amino acid 
groups and the pH of the solvent in which they are dispersed. If the 
latter is alkaline the particles become electro-negative, and vice versa. 
It follows that at some intermediate point there is no movement of the 
protein, this point being the isoelectric point, since proteins behave 
as their component amino acids in possessing amphoteric properties. 
When suspended in a solvent proteins will be either positively or 
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negatively charged, depending on the nature of the solvent used. Protein 
molecules have a large number of free amino and carboxyl groups on their 
surfaces which determine the net charge density of the molecule. The net 
charge is modified by the pH and ionic strength of the solvent. 
According to Bier (*59) the chemical composition of the buffer system 
is also important for the results in paper electrophoresis, since the buf¬ 
fer ions are adsorbed on the protein molecules. The influence of the buf¬ 
fer ions is not purely quantitative but the ionic valence plays a role. 
Bier also stated that there were many factors that may influence the rate 
of migration of ions, among them are temperature, buffer concentration, 
■type of paper, electroosmotic flow, and the degree of wetness of the paper. 
According to Smith ('60), perhaps the most difficult point to understand 
is the effect of voltage and/or current on the rate of migration. It is 
the buffer which carries the current and in order to increase the rate of 
migration, it is obvious that the current must be increased to a certain 
point. As the resistance of the paper is fixed, it follows that the applied 
voltage must be increased within certain limits, if one desires to obtain a 
higher current. With a constant current the voltage will fall continuously, 
because the resistance of the strip is increasing. This results in lowering 
of heat production and the rate of migration, which is nearly constant. In 
practice, however, most experimenters are interested in the separation and 
reproducible results. Therefore it is of no consequence whether constant 
current or voltage is used, provided that strict adherence to the experi¬ 
mentally determined optimum conditions are maintained after these have been 
found. 
According to Moore ('59), electrophoresis provides an excellent method 
for fractionating protein mixtures without undue dénaturation. This method 
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has been applied most extensively to the study of blood plasma, where 
there has been an attempt to correlate the plasma pattern with states 
of health, disease, and stress* It was not until the third and fourth 
decades of the present century, however, that techniques have been devel¬ 
oped to the extent that useful information could be obtained from a study 
of plasma proteins. A series of important developments, during these de¬ 
cades, contributed to the advancement in knowledge of these elements. Im¬ 
provements were made in the methods of separating and characterizing the 
various constituents of plasma, fractionating being accomplished by the 
salt-precipitation method (Howe 1929), by ultracentrifugation (Svedberg 
1927), by electrophoretic studies of Tiselius in 1937 and by cold etha¬ 
nol precipitation by Cohn et al. in 1939 and subsequent years. 
According to Moore ('59), adult humans have 7 to 8 per cent of their 
body weight as blood and a little more than half of the blood is plasma, 
(50 to 60 per cent by volume). The concentration of protein in the plasma 
varies from 6.5 to 8.5 gm. per 100 ml. Low ('52) stated that in human 
serum about 60 per cent of the total protein was albumin with a molecular 
weight of approximately 66,OCX). 
When Tiselius first studied human serum in 1937, the conditions were 
such that only four components appeared using a phosphate buffer of pH 
7.7. It was established that the protein in highest concentration, which 
also had the highest mobility, corresponded roughly to chemically sepa¬ 
rated albumin. The other fractions were arbitrarily named alpha, beta 
and gamma-globulin, in order of their decreasing mobilities. 
In 191*2, Longsworth reported that when a different buffer was used 
at a higher pH, another component in human serum which had previously 
moved with albumin migrated with a mobility between that of albumin and 
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alpha-globulin. This new component was called alpha^-globulin and the 
veronal buffer, (pH 8.6) described by Longsworth has since been used by 
most investigators who have studied human serum. 
According to Moore ('U5), many factors affect the distribution of 
the plasma components in electrophoretic patterns. It has been demons¬ 
trated that patterns were different in several species and that those 
differences were characteristic and reproducible when blood was taken 
from animals living in the same colonies and studied under uniform con¬ 
ditions. Moore ( *1*5) also stated that such factors as strain, care, age, 
sex, fasting and thirst affect the electrophoretic pattern. 
According to Petermann ('59), the protein concentration in the plasma 
depends on the balance between the colloidal osmotic pressure of the plasma 
and the dynamics of the circulation. In healthy adults, the concentration 
of the various plasma proteins remain surprisingly constant. This constancy 
of an individual's pattern seems to depend on genetic control as expressed 
by Petermann ('59). 
Riley ('59) found that plasma components from animals within a species 
did not reveal remarkable constancy in kind and number. The variation in 
percentages of a component was relatively small between members of the same 
species. 
Deutsch and Goodloe ('U5) analysed various plasmas which indicated 
that a great deal of variation in the distribution of blood proteins occur¬ 
red among different genera of animals. The variations appeared as differ¬ 
ences in mobilities, in the relative proportions of components and in the 
number of components. 
According to Engle and Woods ('60), when the plasmas of the following 
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rodents and lagamorphs were subjected to electrophoretic analyses, the 
following results were observed: 
k to 6 components 
up to J? 
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up to 6 components 
I. Rats (rodents) 
A. Moving boundary 
B. Filter paper 
C. Agar 
II. Guinea pig 
A. Filter paper 
III. Rabbits and hares (lagamorphs) 
A. Moving boundary U to $ 
B. Filter paper up to 5 
C. Starch gel up to 8 
According to MacWilliam ('59), the first published report of the use 
of filter paper as a stabalizing structure seems to have been that of Konig 
in 1937. However according to MacWilliam ('59) it was the publication of 
a paper by Wieland and Fisher in 19U8 that began the flow of reports that 
has grown rapidly in magnitude ever since. 
CHAPTER III 
MATERIALS AND METHODS 
The animals used in this study (Nutria) were obtained from The Louisiana 
Wild Life and Fisheries Commission, Rockefeller Wild Life Refuge, Grand 
Chanier, Louisiana. Nutria (ifrrocastor coypus) is a semi-aquatic rodent na¬ 
tive of South America (figure 5)* They were fed dog biscuits and vegetables, 
usually carrots, cabbage and white potatoes. 
The animals were anesthetized, using 35 mg. of Nembutal per kilogram 
of body weight, after which two milliliters of blood were taken fcy intra¬ 
cardiac puncture, using syringes that had been double oxalated. The ani¬ 
mals were in a post-absorptive state so as to obtain samples without 
turbidity due to lipids. The blood was immediately transferred to double 
oxalated polyethylene centrifuge tubes that had been precooled. One tenth 
milliliter of double oxalate was placed in each tube for each ml. of blood 
collected. The double oxalate was prepared by adding 1.2 gm. of ammonium 
oxalate and 0.8 gm. of potassium oxalate to 100 ml. of distilled water. 
Each centrifuge tube and syringe that had been oxalated for collecting 
blood was dried overnight at 83°C or at a higher temperature for a shorter 
length of time. The samples of blood were centrifuged at 2000 RPM for 15 
minutes in a centrifuge with a temperature of 5°C. The plasma was pipetted 
off and placed in glass tubes and refrigerated until needed. 
As a precautionary measure, the animals were given an injection of 
one half to one milliliter of picrotoxin as an analeptic after the blood 
had been withdrawn. 
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A temperature compensated Goldberg Refractometer was used to determine 
the concentration of protein in plasma. A small sample was placed on the 
glass prism of the refractometer and the scale reading was taken as the 
amount of protein in grams per 100 ml. of plasma. An average of three read¬ 
ings was taken as the protein concentration of each sample. 
Electrophoresis was carried out in a Spinco-Durrum cell. Eight hundred 
milliliters of veronal buffer with a pH of 8.6 and an ionic strength of 0.1 
were poured into the partially assembled cell. A rack containing 8 strips 
of filter paper (Schleicher and Schuell 20U3A) was placed into the cell and 
the cover was put on. By using a plastic funnel the strips were wet with 
an additional 200 ml. of veronal buffer. The slot in the top of the cover 
was now sealed with rubberized electrical tape to minimize evaporation. The 
strips were allowed to drain for 15 to 20 minutes and then 0.006 ml. of the 
sample were applied to each of the strips using a Beckman sample striper. 
The experiment ran for 16 hours at 2.5 ma. using a Beckman Spinco Duostat 
regulated D. C. power supply. Before the power was turned on the buffer 
solution was equalized in the cell so as to insure proper electrical func¬ 
tioning. If the buffer was not equalized there would be a greater flow 
from the side of the cell containing the most to the other. 
After electrophoresis, the strips were dried for thirty minutes in an 
oven which had been preheated to a temperature between 120-130°C. The 
strips were pre-rinsed in methanol for 6 minutes and then dyed in bromphenol 
blue for 30 minutes. The strips were then rinsed in a series of 5% acetic 
acid solution for 6 minutes. The rinses were designated rinse one, two and 
three. Each strip was blotted and again dried for 15 minutes at 120-130°C. 
Finally they were exposed in a sealed tray to ammonium vapor for at least 
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1? minutes and then were scanned immediately with an Analytrol model RB 
integrating densitometer using a $00 mp, filter and a B5 cam. The scan¬ 
ning record was recorded on a Beckman Analytrol chart* No. 3lUi-31971*2. 
The following materials and apparatus were used in the electrophoretic 
study: 
1. Paper Electrophoresis Cell (Durrum type* model R) 
2. Power Supply (Duostat model RD-2) 
3. Densitometer (Analytrol automatic recorder and 
integrator) 
1*. pH meter (Beckman "Zeromatic") 
$. Beckman filter paper wicks, No. 319329 
6. Beckman filter paper strips, (No. 32001*6, Schleicher 
and Schuell 20l*3A) 
7. Beckman Eye B-l* (bromphenol blue) 
6. Beckman sample applicator 
9. eckman plastic funnel 
10. Beckman Analytrol chart 
11. Spinco Buffer B-2 pH 8.6 
Most of the above materials were secured from the Beckman Instrument 
Inc., Palo Alto, California 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Analyses were made on the plasma of Nutria (ifrocastor coypus ) uti¬ 
lizing the paper electrophoresis technique. A veronal buffer (sodium 
diethylbarbiturate) of pH 8.6 ionic strength 0.1 was used which resulted 
in the resolution of from 6 to 10 components. Eight components appeared 
in 56$ of the samples analyzed (Fig.l), 7 components in 2U$ (Fig. 2), 9 
in 12$ (Fig. 3)» and 6 components in k% of the samples analyzed (Fig. 1*). 
All of the above stated facts may also be found in Table I. 
Albumin always appeared in the greatest percentage. The percentage 
of albumin in this study varied from 33.6$ to 69.5$. This study revealed 
an overall albumin average of 50.U$ (Table II). Low ('52) stated that in 
normal humans, 60$ of the protein is albumin. 
According to Moore (’59), the protein concentration in adult verte¬ 
brates varied from 6.5 to 8.5 gm. per 100 ml. In this study the protein 
concentration varied from 5*12 to 7.35 gm. per 100 ml. of plasma. Tables 
III and IV, respectively, show the average protein concentration by ani¬ 
mal and sex. Table V shows the highest and lowest protein concentration. 
According to Petermann (’56), in healthy human adults, the concen¬ 
tration of the various proteins remained constant, but during this study 
in two of the samplings there was a significant increase in the protein 
concentration. However, it returned to "normal" within two days. 
Eiigles and Wood ( '60) reported that the number of components re¬ 
solved for rats, rabbits and guinea pigs, using paper electrophoresis, 




According to Riley ('59) and Longsworth ('1*2), differences in 
buffers will also cause different resolutions. 
Alpha^ was present in over 60% of the samples analyzed, although 
the percentages were relatively small as indicated in Table II. 
Fibrinogen remained almost at the point of application. This may 
have resulted frem one of two things, or a combination of both; (1) the 
size of the fibrinogen molecule and (2) the symmetry of the molecule, 
thereby decreasing its migration. This notion was supported by Bier 
059).. 
In some of the strips analyzed, there was a high fibrinogen con¬ 
tent and low gamma-globulin content. Apparent high fibrinogen content 
may be a combination of gamma-globulin and fibrinogen resulting from an 
incomplete resolution. 
Deutsch, Alberty and Gosting (*U6) pointed out that fibrinogen often 
masks gamma-1 globulin in many human samples. The presence of fibrinogen 
was often seen in the form of a sharp peak, seemingly superimposed on a 
mass of other proteins. This may account for the low gamma-globulin con¬ 
tent in some samples. 
The gamma-globulin appeared to have migrated in the retrograde di¬ 
rection toward the cathode (with reference to the point of application 
of the sample ). The number of charges depends upon the nature of the 
amino acid content of the protein and the pH. A buffer having a pH 
higher than the isoelectric point of the protein will cause it to migrate 
to the anode. If this is the case then the pH or (isoelectric point) of 
the gamma-globulin must be higher than that of the buffer used, therefore 
causing the gamma-globulin to migrate slowly toward the cathode. 
CHAPTER V 
DISCUSSION 
This study was not a comparative study, but something had to be 
used as a standard. It could not be called a confirmatory study either 
for the literature reviewed contained no material relating to a plasma 
protein study on Nutria. 
The electrophoretic patterns obtained from Njyocastor coypus plasma 
differed very much from those of rabbits, rats and guinea pigs. Of 
these three animals, the largest number of components obtained were 6. 
In this study, using a constant current of 2.5 ma., up to 10 components 
were resolved using a technique similar to those that resolved up to 6 
in the rats, rabbits and guinea pigs. 
It is hoped that confirmatory studies will be conducted using 
starch-gel to substantiate some of the findings reported in this study. 
Although zone electrophoresis is not as difficult as free electro¬ 
phoresis, it shows many of the advantages of free electrophoresis. (1) 
Separations are made with the minimum chance of changing the nature of 
the chemical substance. (2) The direction and the rate of migration may 
give dues to its chemical make up. Isoelectric points, disassociation 
and other equilibrium constants may sometimes be calculated from the re¬ 
sults of carefully conducted electrophoresis experiments, depending on 
molecular size and diffusion constants. All of these features make the 
technique of particular interest to biochemists who frequently work with 
very small quantities of closely related and easily altered compounds. 
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Another factor which supports species differences is that in this 
study up to three alpha components were resolved, whereas in rabbits, 
only up to two have been resolved. 
In the future, electrophoresis is likely to prove useful in many 
fields. It will provide a more complete understanding of physiological 
and pathological processes by aiding in characterizing and identifying 
material involved in metabolism. Its use in genetics and immunological 
study will undoubtly be greatly extended. The greatest question con¬ 
fronting the person using electrophoresis equipment is, "What is the 
most important use for electrophoresis and which study shall be made 
first"? 
CHAPTER VI 
SUMMARY AND CONCLUSION 
1. Paper electrophoresis, when properly used, can give much valuable 
information. 
2. Resolution of components was relatively consistent. Eight com¬ 
ponents were noted in $6% of the samples analyzed. 
3. Variations in buffer and current will cause the number of com¬ 
ponents that separate or resolve to vary. 
U. The size and charge of the proteins caused them to migrate at 
different rates and in different directions. 
5. Using the results of this study, and those reported in the litera¬ 
ture for other animals, it is clearly indicated that plasma proteins 
are species specific. 
6. Variations noted in the percentages of the components from different 
animals in this study may have resulted from their ages. 
7. Mary times incomplete resolution could be detected, for one com¬ 
ponent appeared to be riding on the shoulder of another component. 
8. Alpha-globulin was observed in each of the samples analyzed. 
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TABLE I 
NUMBER AND PERCENTAGE CF TIMES THE NUMBER 
OF COMPONENTS OCCURRED IN TWENTY-FIVE SAMPLES 
NUMBER OF 
COMPONENTS IN SAMPLE 
NUMBER OF TIMES 
NUMBER OF COMPONENTS APPEARED 
PERCENTAGES OF SAMPLES 
CONTAINING INDICATED 
NUMBER OF COMPONENTS 
6 1 h% 
7 6 2k% 
8 $6% 
9 3 12% 
10 1 k% 
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TABLE II 
AVERAGE PERCENTAGE CONCENTRATION OF COMPONENTS 
ANIMAL k% «v B2* 0 % Y.% Yt% | Ratio 
N-l U6 1.55 0.96 15 ii.93 11.6 11.3 U.9 U.53 
U6 
Ü2T7 
N-2 bh-9 0.568 1.U5 13.6 U.97 13 10.55 8 7.6 
Ui.9 
Wi.li.5 
N-2R 58.5 — 2.52 2.51 3-71+ 11.1 8.5 2.h 3.02 
58.5 




AVERAGE PROTEIN CONCENTRATION 






AVERAGE PROTEIN CONCENTRATION BY SEX 
V 
HIGHEST AND LOWEST PROTEIN CONCENTRATION 
ANIMAL HIGHEST gm/lOO ml LOWEST gm/100 ml 
N-l 7.35 5.12 
N-2 6.00 5.93 
N-2R 5.70 5.23 
N-3 6.60 5.33 
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PLATE I 
(Explanation of Figures)* 
*A11 figures are photographs 
Figure 1 
A representative graph showing a pattern which contained 8 
components obtained by paper electrophoresis. 
This graph, as other graphs in this study, shows the densitometer 
and integration traces. The integrator units below the abscissa 
are the saw teeth from which the area of the protein were calculated. 




(Explanation of Figures)* 
•«All figures are photographs 
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Figure 2 
A representative graph showing a pattern which contained 7 




(Explanation of Figures)* 
*A11 figures are photographs. 
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A representative graph showing a pattern which contained 9 





(Explanation of Figures)* 
*A11 figures are photographs. 
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Figure U 
A representative graph showing a pattern which contained 6 





(Explanation of Figures)* 
*A11 figures are photographs. 
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Figure 5 
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